Introduction
During the last four years the World Wide Web has changed. The number of Internet hosts has increased significantly from 19,540,000 in 1997 to 93,047,785 in 2000 (Internet Software Consortium, 2001 . The global Internet user community has grown to approximately 179 million (Nua, 2000) and for the first time ever, more women than men will gain access to the Internet (Angus Reid, 2000) . The size of the Internet economy has grown; in 1996 according to Forrester Research (1996) , the total Internet economy was estimated at 15 billion US dollars and by 1999, revenues from on-line consumer spending alone were estimated at 36 billion US dollars (Boston Consulting Group, 1999) . Recently, dot com, companies predicted to lead the on-line economy have begun to collapse, suffering from lack of investment capital and elusive profits. Established companies however are moving to the forefront of e-commerce (Datamonitor 2001 
Literature Review: The Diffusion of E-commerce amongst UK-based Retailers
This section seeks to review the work of previous authors who have conducted studies of the Internet adoption, and in so doing, define the research objectives that guided the execution of this research study. During the mid-1990's it was suggested that bricks and mortar retailing could become a thing of the past (Van Tassel & Weitz, 1997) . Companies operating solely on-line were predicted to cannibalise the market share of their off-line counterparts, by offering fast, flexible and lower cost on-line solutions. Moreover, threatened by disintermediation 1 :, the continued dominance in retail market by established off-line retailers was also brought into question. The rapid rise and apparent success of the dot com business viewed (companies operating solely on-1 Disintermediation: the removal of intermediaries in the supply chain in favour of the producer marketing line) in conjunction with the low levels of Internet adoption amongst brick and mortar retailers in the UK (Hart et al, 2000) suggested that established retailers could be falling behind in the growing on-line economy.
However, unlike their on-line counterparts established companies have well-developed brand equity, extensive industry knowledge, access to financial resources and well-developed supplier relationships to support business development. Indeed, a recent rise in the number of dot com company failures, especially in the business to consumer sector (Webmergers, 2001) Furthermore, established retailers have the opportunity to benefit from their experience and knowledge gained from many years of trading enabling them to provide high levels of customer service. The success of UK grocery retailers on the Web could have been predicted given that the retail structure within the UK tends to be dominated by the food sector, and within that sector, the large food multiples. High concentration and competition combined with static food sales and possible saturation of the market, suggest that the major UK food multiples may perceive the Internet to provide additional growth via a new marketing channel. However, it is unclear how widespread Internet adoption is within the retail sector or whether the example set by Tesco Plc is an industry norm or an isolated incident.
An obvious starting point for research into the adoption of a complex technology, such as the Internet, is the 'diffusion of innovation' theory (Rogers, 1983) . However, previous studies that have applied this theory in a technological context (for example : Premkumar et al, 1997; O'Neill et al, 1998 ) have tended to focus upon the adoption of a particular technology designed to fulfil a directly to the consumer (Ettorre,1996; Libresco, 1997; Picot et al, 1997) .
specific purpose. The Internet does not conform readily to the format of a particular technology performing a specific purpose. For example, in the case of the Internet, there is not a single innovation to be adopted but a plethora of applications for a range of conventional and newer technologies. As previous research has shown, the Internet can be used to pursue many different business and marketing functions; retail channel, electronic sales channel, communicating information (Doherty et al, 1999; Van Tassel & Weitz, 1997; Morganosky, 1997) . Consequently, when it comes to research into the commercial exploitation of the Internet, it appears that the 'diffusion of innovation' model doesn't readily fit.
The lack of an obvious theory upon which to base the study of Internet adoption has certainly not deterred academics from researching this increasingly important domain. For example, there have already been a wide variety of studies focussing upon the commercial adoption of the Internet and its functions within a business (O'Keefe et al, 1998; Cappel & Myerscough, 1996; Cockburn & Wilson, 1996; Auger & Gallaugher, 1997; Spiller & Lohse, 1997) . However, previous research has tended to focus only on active web sites or those sites having a high global / brand presence.
Indeed, the majority of research has concentrated on the highest areas of activity in the US, for example the top 100 US retailers, (Morganosky, 1997) yet little evidence exists to suggest whether European (KPMG & OXIRM, 1996) or UK retailers as a sector will adopt the Internet to the same extent. The studies have identified that there are variations in how companies use the Internet for retailing purposes, but it is not possible to suggest implications of the Internet for retailing as a whole by examining only on-line companies. Established companies may not automatically adopt the Internet into their retail practices and thus their approach to the new technology will impact on its future penetration into the UK retail market. There is a great deal more to be learned about the structure of the Internet consumer market and subsequently its future potential as a retail environment by comparing companies, which are absent against those currently involved. It was realised that as the adoption process is continuous over-time and the function for which the Web had been adopted may change over time. To gain insight into adoption trends longitudinal study was instigated to pursue the following aims.
Research Aims
The primary aims of the research were to examine how retailers are using the Internet to interact with consumer and to explore whether these levels of use have changed overtime. The secondary aims were to quantify levels of retailer/consumer activity as a point of reference for current and future research. More specifically, the survey had the following distinct research objectives:
1. To examine current levels of Internet adoption by UK retailers, in terms of the range of facilities, functions and services being offered.
2. To investigate whether the current levels of Internet adoption are influenced by either the retail sector in which the organisation primarily operates, or its size, in terms of the number of retail outlets that it operates.
3. To explore the rate of change in activity levels, over a four year period, and how these rates vary within different retail activity groups, or different size bands.
The following section of this paper explains the methods used to achieve these objectives.
Research Method
This study of Internet adoption involved a direct review of retail web sites. Web site activity was reviewed on an annual basis over a four-year period from 1997 to 2000. The main aims were to identify the range of functions and services being offered and whether any changes had occurred over time. The rest of this section discusses the design and implementation of the series of on-line surveys.
Timing of data collection
To date four on-line surveys have been conducted: Survey 1 -1997, Survey 2 -1998 Survey 3 -1999, and Survey 4 -2000. For each survey the data collection took place in the months preceding the Christmas trading period. As retailers generally plan well in advance of the selling season (Dunne & Lusch, 1999) and given the importance of the Christmas trading period to UK retailers it was considered that web site activity would be most developed at this time. The data collection period for each survey covered the period from October to early December. The first survey was exceptional as time was also given to the development and validation of the pro forma document (June to September).
Design of the pro forma data collection document
To facilitate the accurate and consistent capture of information pertaining to the range of functions and services being offered through retailers' web sites, a pro forma web site assessment document was created. The content of this document, in terms of web site functionality, was established by thoroughly reviewing the web sites of ten retailers with a high profile Internet presence in June 1997 e.g., Tesco, Blackwells.
The categories of data ultimately deemed important to collect were:
Registration details:
The presence of a registered 'uniform resource locator' (URL) was interpreted as an indication of on-line activity. However, registration of a URL does not necessitate instant development of a web site, thus 'registration' implied intent towards web site development.
Information provision:
Many web sites appear to use the Web as an information channel providing existing and potential customers with various types of information e.g., product related, financial statements, and other company specific information e.g., store location. It should be noted that the key objective was to explore the type of information being presented rather than the depth or quality of information.
Interactivity:
The pre-testing exercise had confirmed that the Internet is also used interactively for two-way communication and transactions, with the main method of on-line communication being E-mail. Some of the sites reviewed also provided on-line ordering and payment systems, although these varied greatly with respect to geographical limitations, merchandise ranges and levels of security.
In addition to classifying a wide range of generic Internet functions and services, the pro forma document was also used to collate information about each retailer's area of activity (grocery, electrical, clothing etc), format i.e. (primarily store-based/primarily mail order) and size, in terms of number of retail outlets operated. Collection of this data provided an opportunity to explore whether levels of Internet activity varied according to the primary retail activity, the retail format used by the organisation, or its size. The resultant document was then pre-tested on another twenty retail web sites to test for content validity. No changes were deemed necessary for full implementation of Survey 1.
As an overarching aim of the on-line survey was the capture of consistent data it was deemed important to retain the design of the pro forma document for the subsequent Surveys (2-4).
However, continuation sheets were available to gather data, which could not easily be classified under the above headings for Surveys 2 -4. The continuation sheets proved to be adequate to record additional data, which in general involved increases in range and depth of information rather than totally new activity classes. Notwithstanding this factor, the issue is revisited in the discussion section of this paper.
Targeting of Research Instrument
Given the scale of the project it was important to set manageable parameters in terms of potential numbers of sites to be visited whilst not diminishing the capacity of the study to identify trends likely to affect the sector as a whole in respect of their levels of Internet adoption. The aim was to include only the UK's largest retailers, in the sampling frame, as these were perceived as being more readily identifiable through reference documents such as: the. Corporate Intelligence Survey, the Business Monitor and the Healy and Baker Directory. Moreover, it was believed that the largest retailers were likely to be most influential in terms of the uptake and application of the Internet. Consequently, a sampling frame composed of all multiples 2 and those retailers with a turnover greater than 5 million pounds was defined to ensure that all the UK's leading retailers were targeted by this research. Ultimately, the Healy and Baker Retail Directory (1996, 1997), which, claims to provide 'an alphabetical list of all companies operating two or more retail outlets' was used to identify retailers that conformed to the sampling criteria. This resulted in a comprehensive list of 1099 retailers, which formed the basis for data collection.
The levels of Internet adoption for all the retailers in this sampling frame were monitored for each of the four years. However, it should be noted that in each of the years following 1997 the number of retailers dropped, as some of the original 1099 retailers went out of business or merged. To this end, the Healy and Baker Retail Directories (1998, 1999, 2000) were consulted to establish whether companies were still trading. It was considered important to address this issue as continuing to include bankrupt or insolvent companies could cause bias in the results.
Data Collection
It was possible to conduct a rigorous review of Internet activity for all the UK's leading retailers because of the Domain Name System (DNS), which has evolved as a way of ensuring no two
Internet sites have the same name (Albitz and Lui, 1997) . For the United Kingdom the top-level domain name is '.uk', a node one level down, a first-level domain is '.co' (meaning -commercial and equivalent to the top-level US domain '.com') and a sub domain is likely to be a company name. The data was collected using the following three-stage procedure:
Presence of a registered URL:
The on-line survey commenced by determining whether each of the 1099 target companies had a registered URL, using the on-line search tool 'Whois 3 ', which has been specifically designed to find domain names.
Web site activity validation:
Each registered URL was checked for site activity. If there was an error message indicating an incorrect address then the spelling was rigorously examined and if failure to connect to a web site prevailed, the URL was assumed to be inactive.
3. Web site review procedure: Each active Web site was reviewed and the content recorded using the pro forma document as a review guide.
The above method was used to ensure that the collection of data was conducted in a rigorous and consistent manner. More detail with respect to the results of the first survey and the methods by which retailers were targeted and the data collected can be found in a previous publication
The Whois function is supplied and supported by InterNIC and can be found at:-www.nic.uk/whois.html.
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Research Results
The following presentation of the research results is explicitly related to the three research objectives proposed at the end of the literature review.
The functions and facilities currently being offered by UK retailers
The data presented in Table 1 In addition, the data presented in Table 1 suggests that there is a high degree of variability of the rate of adoption within each of the seventeen retail activity groups. Intuitively, it appears that the speed of adoption has been far quicker within sectors such as mail order, books and clothes, as compared with others such as new, convenience stores and health and beauty. The statistical significance of these differences is fully reviewed in the following section.
Factors affecting the rate of adoption amongst UK-based retailers
This section aims to explore whether the rate of adoption of the Internet amongst retailers is influenced by either the retail activity group within which the retailer operates or by the organisation's size, in terms of the number of retail outlets it operates.
Retail activity sectors: It was noted earlier, that there is evidence to suggest Internet adoption varies greatly across the seventeen different areas of primary retail activity. To test this is complete.
hypothesis, a chi-squared test for goodness of fit was conducted, and the results are presented in An inspection of the data suggests that those organisations operating in the first eight areas of retail activity, as listed in Table 2 , have an increased likelihood of having an active web site, whilst those operating in the bottom six have a decreased likelihood of having an active web site.
For example, whilst the expected number of mail order companies operating an active web site is only 47, there are already 59 such companies with an active web-site. By comparison, only 17 specialist food retailers are currently operating an active web site, whilst the expected number is 44. It is likely that the motivation for certain sectors to be embracing e-commerce more rapidly than others will vary from sector to sector. For example, the high levels of adoption within the books and music, alcohol retailers and toys sectors, are probably the result of products such as books CDs, wine and toys being well suited to the e-commerce format. Alternatively, the high levels of adoption amongst mail order companies can probably best be explained by their longterm operation of a logistics infrastructure which readily facilitates e-commerce. In yet other sectors, such as groceries and clothing, the adoption of the Internet might be a defensive strategy to protect market share.
Number of Outlets:
The results of a chi-squared test, presented in Table 3 , suggest that there is a statistically significant association between the size of retailers, in terms of the number of outlets each operates, and the rate of adoption. More specifically, an inspection of the data in Table 3 suggests that there is an increased likelihood of adoption amongst larger retailers and a decreased rate of adoption amongst smaller retailers. Furthermore, it can be seen that it is the largest organisations, with over three hundred outlets that are most likely to have developed a fully transactional web site. This may be because those retailers with the largest network of outlets might have most to lose should they be left as observers, rather than active participants, in a vibrant Internet marketplace. Alternatively, it could be that those retailers with the largest numbers of outlets are most likely to have the investment resources, skilled personnel, scale and sophistication of logistical and technical infrastructure necessary to successfully support ecommerce.
Insert The results presented in table 3 are important, because they tend to counter previous research. For example, (1998) has suggested that it is the larger organisations that will be the least likely to adopt because of their established distribution relationships, whilst Auger & Gallaugher (1997) predicted that smaller retail organisations would be the most likely to adopt the Internet due to their greater flexibility.
The adoption of the Internet by UK-based retailers, over the period 1997-2000
This section aims to explore whether the rate of change of the adoption of the Internet, over the past four years, has been influenced by either the retail activity group within which the retailer operates or by the organisation's size, in terms of the number of retail outlets it operates.
Retail activity sectors:
The levels of Internet adoption have been rigorously monitored over a four-year period [1997] [1998] [1999] [2000] . The results, presented in Table 4 , demonstrate the percentage of retailers who have registered a URL, and who have developed an on-line sales capability, for each of these four years. It is interesting to note that every year the number of retailers registering a URL, within each retail activity category, appears to be significant higher. This same trend can also be observed for the introduction of on-line sales ordering facilities. Indeed, a 'paired samples' test shows that there are significant differences [at the .001 level] between the adoption levels, year on year, for both URLs and sales.
Insert Table 4 : Growth in Internet Adoption by Retail Activity Category about here.
When it comes to levels of adoption within individual retail activity categories, it can be seen that some have grown far more rapidly than others, over the past four years. For example, the number of alcohol retailers offering an on-line sales facility has increased by 38 percentage points, moving from 6% in 1997 to 44% in the year 2000. Similar rapid rates of growth have also been experienced within toys [36 percentage points] and books [32 percentage points]. The rapid rates of expansion in these sectors might in part be due to the suitability of their products for an
Internet format, but also due to the competition many have experienced from Internet 'start ups'.
For example, the phenomenal growth of Amazon.com and Cdnow.com have put book and other retailers selling books under great pressure, and the launch of sites such as Virginwines.com has put the alcohol retailer under pressure.
Number of retail outlets:
The results, presented in Table 5 , highlight the percentage of retailers who have registered a URL, and who have developed an on-line sales capability, for each of the five classes of retailer size. It is interesting to note that every year the number of retailers registering a URL, within each retailer size category, appears to be significantly higher. This same trend can also be observed for the introduction of on-line sales ordering facilities. Indeed, a
'paired samples' test shows that there are significant differences [at the .001 level] between the adoption levels, year on year, for both URLs and sales.
Insert Table 5 : Growth in Internet Adoption by Number of Retail Outlets about here.
When it comes to the growth in individual size categories, there are interesting differences to be observed between the growth in the registration of URLs and the introduction of on-line selling.
With respect to the registration of URLs, the growth witnessed over the past four years has been fairly uniform, with growth in all five, size categories ranging from 37 to 46 percentage points.
However, there are very distinct differences between the adoption of sales in each of the five categories over the past five years. Whilst the introduction of on-line selling has only grown by 9
percentage points amongst the smallest retailers [0-20 outlets], it has grown by 32 percentage points amongst the largest retailers [> 300 outlets] . This finding provides more evidence that it is the largest retailers who are presently at the forefront of the e-commerce revolution, in the UK. features are offered which prompt the customer to take some form of action, e.g., order a catalogue or sign up for a store card e.g., emmasommerset.co.uk. It should be noted that the use of the Web as a communication platform is generally excluded from discussions of ebusiness models. Perhaps the reason for this is that communication is not perceived as an income generation model. However, such discussions do include e-procurement where the revenue comes from cost savings rather than external income. (Timmers, 1999) . Moreover, Pant and Ravichandran, (2001) do acknowledge the use of the Web as an advertising channel, but their description of this model includes the web site owner giving away something free to site visitors. Retailers using the Web as a communication platform rarely offer free gifts unless it is consistent with their off-line retail offer. In addition, established retailers using the Web in this way have the opportunity to benefit from 'source credibility' (Kellerman, 1961) which plays an important part in the success or failure of a communication channel. A point for consideration however, is that from a communication perspective retailer web sites of this kind are trying to both inform and stimulate action -two objectives not normally targeted by one communication medium (Fill, 1999) . retailers may be expected to mirror the most successful offer whether that be on or off-line one.
Discussion -Trends in Internet adoption in the retail sector
The above discussion provides a framework for further investigation of existing data and further research into the impact of adopted on-line retail business models on off-line business models.
Whilst the signs of change generated by the web are perhaps at the moment fairly limited, it is important to probe such issues in order to develop frameworks to provide guidance for retail strategists.
Conclusions
This paper identifies growth rates in retailer adoption of the Web. It shows rates of adoption over a four-year period and the different ways that multiple UK retailers might integrate the Web into their existing businesses. In the quantifiable sense adoption of the Web has certainly changed in this sector. In answer to the question 'Is the Web becoming an agent of change in the retail sector?' there is some evidence to suggest that it is not, namely retailers are using the Web as a communication and e-shop platform, which is to be expected. However, as the more innovative retailers are going beyond these models and exploring new ways to differentiate themselves from the competition on-line. Furthermore, it is likely that such retailers are learning from their on-line experiences and in doing so eliminating errors and streamlining the Web site and supporting operations. Those companies which have chosen to use the Web as a communication platform or e-shop may find themselves left behind through lack of experience of managing more complex on-line retail business models. This could become critically important if successful on-line models are applied off-line. However, further research is required into this area in order to determine the extent to which the Web is likely to promote long-term changes in the retail sector.
The primary value of this research lies in the identification of trends in Internet adoption over a four-year period and furthermore it has discussed a range of models used by UK retailers on-line.
The important implications for retailers are that whilst some retailers appear to be using the Internet as an additional channel to pursue either marketing communication or sales objectives.
Others show evidence of exploring a broad range of objectives; the potential value of on-line links with other companies.
It should also be noted that this study focussed on mainstream retailers in the United Kingdom. A future comparison with other European Countries might reveal some interesting results. The study may also have been limited in the depth of content achieved in the on-line survey, however, it has made a valuable contribution by providing a robust picture of UK Internet based retailing by traditional retailers over a four-year period. This will provide a solid foundation for further extensions of the research. The lack of European research in this area also prompts investigation into the rationale behind retailers' Internet strategy and further research is currently underway. 
